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Speciation

Speciation
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Speciation
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The evolutionary relationships of species and their

genes BV AL e

Arguments for orthology assumption:

» a sequence tree that is congruent to the
species tree

» conservation of genomic position

» sequence similarity (typically, reciprocal
best blast hit)

» similarity of function

Speciation

Speciation

Duplication
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E. cuniculi
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Reciprocal Best Blast Hits

Drosophila Protein1 Drosophila Protein1
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genes

KOGs

One example of a eukaryotic group of ‘orthologous’ [§7:Ii%

TWOGs

AL o

ACDHYPE

J KOG0002

ECUO90395
Hs1/7449824
Hs1745%7639
H=20541952
Hs20535633
Hs22052327
Hs22046107
AL2g25210
AL 3g02190
YJL189u

7291732

SPCCERI .04
CEOGS883

Hs16579830
Hs4506647
H=18590969
Hs18592185

Arabidopsis
thaliana

Caenorhabditis
elegans

Drosophila
melanogaster

A2g25210
AB3g02190

CEO6883

7291732

from: http://www.ncbi.nim.nih.gov/COG/grace/shokog.cgi?KOG0002
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Modified from Remm et al. J. Mol. Biol (2001) 314: 1041-1052
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The Inparanoid Approach (pruning)

C R
00 4o
° 5
Ogoo

& ©

Proteome B

. ®

Proteome A

Blast against A
g jsuiebe jse|g

Modified from Remm et al. J. Mol. Biol (2001) 314: 1041-1052



Identification of Orthologous Genes: CIBIV ///A\\\\ / /
| MFPL

The Inparanoid Approach (pruning)
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The Inparanoid Approach (pruning)
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The Inparanoid Approach
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An evaluation of orthology prediction methods CIBIV ///'“\\
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Determining a Core Gene Set for Phylogeny CIBIV ///,;\\\\ //
|| MFPL

Reconstruction

5,873

4
=

H. sapiens (Vertebrata)



Determining a Core Gene Set for Phylogeny
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Screening EST-Data for the presence of orthologous
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The ML-tree of the LILRA Gene Family (CDS) /AN
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Data management

EVIDENCE
DEXREF
id
cods id (Pri)
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An Example:

Cox1_human, a human protein that binds other proteins
as well as metal ions (copper and iron), acts as an
oxidoreductase and oxidizes cytochrome-c, hence we
assign it a cytochrome-c oxidase activity



The Problem...describe protein function CIBIV ///A\\\\ f/ MFPL

An Example:

Cox1_human, a human protein that binds other proteins
as well as metal ions (copper and iron), acts as an
oxidoreductase and oxidizes cytochrome-c, hence we
assign it a cytochrome-c oxidase activity....

and, what | forgot to mention....,

we think it belongs to a group of proteins with terminal oxidase activity, it has a
hydrogen ion transporter activity -- which in fact it shares with at least 13 other
proteins in humans (VPP1_HUMAN VATG1_HUMAN VATG3 HUMAN
ATP5S _HUMAN VPP4 HUMAN AT1B4_HUMAN VPP2_HUMAN
VATG2_HUMAN ATP6_HUMAN Q8WXQ4_HUMAN Q96F77_HUMAN
ATPK_HUMAN VPP3_HUMAN), and it exerts its oxidoreductase activity on
heme groups......



Categorize Information CIB1V ///A\\\\ [/ MFPL

Protein_Name Description

Cox1_human a human protein that binds other proteins as
well as metal ions (copper and iron), acts as
an oxidoreductase and oxidizes cytochrome-c,
hence we assign it a cytochrome-c oxidase
activity, it belongs to a group of proteins with
terminal oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other proteins in humans

(VPP1_HUMAN VATG1_HUMAN VATG3_HUMAN
ATP5S HUMAN VPP4_HUMAN AT1B4 HUMAN
VPP2_HUMAN VATG2 HUMAN ATP6_HUMAN
Q8WXQ4 HUMAN Q96F77 _HUMAN ATPK_HUMAN
VPP3_HUMAN), and it exerts its oxidoreductase

activity on heme groups.




Organize Information CIBIV ///f“\\\\ // MFPL

Protein_Name Description
(Char) (Char)
Cox1_human a human protein that binds other proteins as

well as metal ions (copper and iron), acts as
an oxidoreductase and oxidizes cytochrome-c,
hence we assign it a cytochrome-c oxidase
activity, it belongs to a group of proteins with
terminal oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other proteins in humans (..), and it
exerts its oxidoreductase activity on heme
groups.




The concept of keys CIBIV ///'“\\\\ [/ MEPL

Protein_Name Description (Char)
(Char)
(Cox1_human] a human protein that binds other proteins as

well as metal ions (copper and iron), acts as
an oxidoreductase and oxidizes cytochrome-c,
hence we assign it a cytochrome-c oxidase
activity, it belongs to a group of proteins with
terminal oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other other proteins in humans (..),
and it exerts its oxidoreductase activity on
heme groups.




The concept of keys CIBIV ///'“\\\\ [/ MEPL

Protein_Name Description (Char)
(Char,(PRI)
Cox1_human a human protein that binds other proteins as

well as metal ions (copper and iron), acts as
an oxidoreductase and oxidizes cytochrome-c,
hence we assign it a cytochrome-c oxidase
activity, it belongs to a group of proteins with
terminal oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other other proteins in humans (..),
and it exerts its oxidoreductase activity on
heme groups.




Maintaining consistency: Constraints CIB1V ///"\\\\ // MEPL

Protein_Name (Char, | Description (Char)
PRI{ UNIQUE/NOT NULL)]

Cox1_human a human protein that binds other proteins
as well as metal ions (copper and iron),
acts as an oxidoreductase and oxidizes
cytochrome-c, hence we assign it a
cytochrome-c oxidase activity, it belongs
to a group of proteins with terminal
oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other other proteins in humans
(..), and it exerts its oxidoreductase
activity on heme groups.

Consistency is enforced not by rules built into the applications but rather
by constraints declared as part of the logical schema.




Information Principle CIBLV ///'“\\\\\ // MFPL

Protein_Name (Char, | Description (Char)
PRI*

Cox1_human a human protein that binds other proteins
as well as metal ions (copper and iron),
acts as an oxidoreductase and oxidizes
cytochrome-c, hence we assign it a
cytochrome-c oxidase activity, it belongs
to a group of proteins with terminal
oxidase activity, it has a hydrogen ion
transporter activity, which it shares with at
least 13 other other proteins in humans
(..), and it exerts its oxidoreductase
activity on heme groups.




Very nice....but CIBIV ///"\\\\ // MFPL

...how to manage this information a whee bit more efficiently??



Continue with the categorization CIB1V ///A\\“\ // MFPL

PROTEIN

Protein_Name (Char, | Description (Char)
PRI, UNIQUE/NOT NULL)

Cox1 binds other proteins as well as metal ions
(copper and iron), acts as an
oxidoreductase and oxidizes cytochrome-
c, hence we assign it a cytochrome-c
oxidase activity, it belongs to a group of
proteins with terminal oxidase activity, it
has a hydrogen ion transporter activity,
which it shares with at least 13 other
other proteins in humans (..), and it exerts
its oxidoreductase activity on heme
groups.




Continue with the categorization: Split the CIBIV ///A\\\\ [/
| MFPL

description of functions

PROTEIN
Protein_Name Description (Char) Species
(Char)
Cox1 shares hydrogen ion Human

transporter activity,

with at least 13 other
other proteins in
humans (..), exerts its
oxidoreductase activity
on heme groups.




Normalization: 15 normal form CIBLV ///'“\\\\ [/ MEPL

PROTEIN

Protein_Name Function Description Species

(Pri)

Cox1_human binds other proteins as well as metal shares hydrogen ion Human
ions (copper and iron), acts as an transporter activity
oxidoreductase and oxidizes with at least 13 other
cytochrome-c, cytochrome-c oxidase | other proteins in
activity, terminal oxidase activity, it humans (..), exerts its
has a hydrogen ion transporter oxidoreductase activity

activity, on heme groups.




Normalization: 15 normal form CIBLV ///A\\\\ [/ MFPL

Protein_Name Function Description_id | Species
(Pri)

Cox1 protein binding 1 Human
Cox1 binds metal ions (copper and iron) 1 Human
Cox1 oxidoreductase 1 Human
Cox1 cytochrome-c oxidase 1 Human
Cox1 terminal oxidase 1 Human
Cox1 hydrogen ion transporter activity 1 Human




Normalization: 15 normal form CIBLV ///A\\\\ [/ MFPL

Protein_Name Function Description_id | Species
(Pri)

Cox1 protein binding 1 Human
Cox1 binds metal ions (copper and iron) 1 Human
Cox1 oxidoreductase 1 Human
Cox1 cytochrome-c oxidase 1 Human
Cox1 terminal oxidase 1 Human
Cox1 hydrogen ion transporter activity 1 Human

NO KEY



Normalization: 15 normal form CIBLV ///A\\\\ [/ MFPL

Protein_Name Function Description_id | Species
(Pri)

Cox1 protein binding 1 Human
Cox1 binds metal ions (copper and iron) 1 Human
Cox1 oxidoreductase 1 Human
Cox1 cytochrome-c oxidase 1 Human
Cox1 terminal oxidase 1 Human
Cox1 hydrogen ion transporter activity 1 Human




Normalization: 15t normal form

VAL yep

Protein_Name Function Description_id | Species
(Pri) (Pri) (Integer)
Cox1 protein binding 1 Human
Cox1 binds metal ions (copper and iron) 1 Human
Cox1 oxidoreductase 1 Human
Cox1 cytochrome-c oxidase 1 Human
Cox1 terminal oxidase 1 Human
Cox1 hydrogen ion transporter activity 1 Human

id Description

(Pii)

1- shares hydrogen ion transporter activity

with at least 13 other other proteins in humans (..),
exerts its oxidoreductase activity on heme groups.

[Foreign Key: integrity constraint. Value of the attribute is drawn from a key in another relation ]




Convenience... CIBIV ///A\\\\ [/ MFPL

Protein_Name Function_lId Function Description_id | Species
(Pri) (Pri) (Integer)

Cox1 1 protein binding 1 Human
Cox1 2 binds metal ions (copper and iron) 1 Human
Cox1 3 oxidoreductase 1 Human
Cox1 4 cytochrome-c oxidase 1 Human
Cox1 5 terminal oxidase 1 Human
Cox1 6 hydrogen ion transporter activity 1 Human




Normalization: 2" normal form CIBLV ///'“\\\\ [/ MFPL

PROTEIN

Protein_Name Function_lId Function Description_id | Species
(Pri) (Pri) (Integer)
Cox1 1 protein binding 1 Human
Cox1 2 binds metal ions (copper and iron) 1 Human
Cox1 3 oxidoreductase 1 Human
Cox1 4 cytochrome-c oxidase 1 Human
Cox1 5 terminal oxidase 1 Human
Cox1 6 hydrogen ion transporter activity 1 Human




Normalization: 2" normal form CIBLV ///A\\\// MFPL

PROTEIN

Protein_Name Function_Id Function Desc_id Species
(Pri) (Pri) (Integer)

Cox1 Human
Cox1 Human
Cox1 Human
Cox1 Human
Cox1 Human
Cox1 Human




Normalization: 2" normal form CIBIV ///A\\\\ // MFPL

Protein_Name Function_Id | Desc_id | Species
(Pri) (Integer)
id Description
Cox1 1 1 Human ! . PH
(Pri)
1 shares hydrogen ion transporter
activity
with at least 13 other other proteins
in humans (..), exerts its
oxidoreductase activity on heme
groups.
ID Prot_Func_Ild (Integer,Pri) ID Function
(Integer, Pri) (Integer, Pri)
1 | 1 1 protein binding
1 2 2 binds metal ions (copper and iron)
1 3 3 oxidoreductase
1 4 4 cytochrome-c oxidase
1 5 5 terminal oxidase
1 6 6 hydrogen ion transporter activity




Cross referencing CIB1V ///A\\\\ // MEPL

Protein_Name Function_Id | Desc_id | Species_ | Species
(Pri) (Pri) (Integer) | id

. D - .
Cox1 1 1 92001 Human 'd | Description

(Pri)

1 shares hydrogen ion
transporter activity
with at least 13 other
other proteins in
humans (..), exerts its
oxidoreductase activity
on heme groups.

ID Prot_Func_Ild (Integer,Pri) ID Function

(Integer, Pri) (Integer, Pri)

1 | 1 1 protein binding

1 2 2 binds metal ions (copper and iron)
1 3 3 oxidoreductase

1 4 4 cytochrome-c oxidase

1 5 3) terminal oxidase

1 6 6 hydrogen ion transporter activity




Normalization: 3¢ normal form CIBLV ///'“\\\\// MFPL

PROTEIN
Protein_Name Function_Id | Desc_id | Species_ | Species
(Pri) (Integer) | id

Cox1 1 1




Normalization: 39 normal form

VAL yep

LSpecies_id Species
L

(Pri)
id Description
92001 Human .

(Pri)

1 shares hydrogen ion
transporter activity
with at least 13 other

Protein_Name | Function_Id | Species | Desc_id | Srecies other proteins in humans
(Pri) Nid (Integer) (..), exerts its
— oxidoreductase activity
Cox1 I 1 92001 ! 1 Human on heme groups.
ID (Integer, Prot_Func_Id (Integer,Pri) ID (Integer, Function
Pri) Pri)
1 1 1 protein binding
1 2 2 binds metal ions (copper and iron)
1 3 3 oxidoreductase
1 4 4 cytochrome-c oxidase
1 5 5 terminal oxidase
1 6 6 hydrogen ion transporter activity




Schema of the GO Relational database
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